ABSTRACT
Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune disease affecting 0.5% to 1% of the global population [1] [2] [3] . It is characterized by chronic inflammation, which generally leads to progressive joint destruction and consequent disability and reduction of quality of life if not treated promptly and adequately [1] [2] [3] . Recent evidence suggests that early intervention is crucial in preventing irreversible joint damage. Thus, it is important to diagnose RA at an early stage [4, 5] .
Until very recently, the diagnostic classification of RA has been based on the 1987 American College of Rheumatology (ACR) revised criteria, which includes rheumatoid factor (RF), clinical and radiological criteria [6] . RFs can be detected in 60% to 80% of the patients with RA [2, 7] . IgM is the most frequently studied RF isotype and also most commonly measured in clinical laboratories. It is also the most common RF isotype in Caucasian RA populations [8, 9] . Some studies have implicated IgA RF as especially associated with extra-articular RA and with erosive RA [10] . Simultaneous detection of IgM and IgA RF has been shown to be highly specific for RA in Iceland [8] . While IgG RF has a lower specificity than the other isotypes in the Caucasian RA populations [8, 9] , it has been implicated in RA patients with nodules [11] , vasculitis [12, 13] and hyperviscosity syndrome [14] . Generally, much less is known about the importance of IgA and IgG RF in chronic disease [7] .
Initial observations in our laboratory implied IgG RF to be common among Malaysian patients with RA. As the Malaysia population consists of three major ethnic groups with different genetic backgrounds, but sharing the same general environment, we carried out this study to test the hypothesis that the prevalence of IgG RF might be increased in Malaysia and to investigate whether any increase in IgG RF would be general or limited to the major population of Malaysia, the Malays. We also investigated the presence of anti-cyclic citrullinated peptide antibody (ACPA) by using the anti-cyclic citrullinated peptide (anti-CCP) antibodies kits, as ACPA have been included together with RF in the serology domain of the new EULAR/ACR RA classification criteria [15] .
Patients and Methods
A total of 556 subjects were enrolled in the study between July 2005 and July 2007. Serum samples were obtained from 171 consecutively enrolled patients with RA, 60 patients with other rheumatic diseases and 325 non-rheumatic controls. All serum samples were stored at −20˚C until assayed. These three sample groups were used as the initially investigated cohort (henceforth named the first set). An independent set of serum samples were collected from 886 patients with RA and 958 controls from the Malaysian Epidemiological Investigation of Rheumatoid Arthritis (MyEIRA) case-control study and were used for replication (second set) of the initial findings. In the replication study population, the median disease duration for RA was one year (inter quartile range, IQR = 2 years). The total number of 1844 individuals in this replication study is part of the 1079 RA cases and 1470 healthy controls, included in recently published paper [16] , where RF isotypes were not investigated. Table 1 shows the baseline demographic characteristics of the subjects recruited for this study. In the first set study, all the patients with RA and other rheumatic diseases were recruited from three government rheumatology clinics in Malaysia. All RA cases were diagnosed by rheumatologists according to the 1987 ACR classification criteria [6] . The disease duration for RA at the time of blood sampling was stratified into two groups: <2 years and >2 years. Radiological findings were recorded as absence or presence of hand joint erosions. Radiographic erosion data was available for 117 of 171 (68.4%) of the patients with RA. Out of these, 73 of 117 (62.4%) were diagnosed within less than two years of first joint symptoms. The diagnosis in the rheumatological control group were systemic lupus erythematosus (SLE; n = 28), psoriatic arthritis (PSA; n = 9), osteoarthritis (n = 8), gouty arthritis (n = 3), mixed connective tissue disease (MCTD; n = 3), reactive arthritis (n = 2), scleroderma (Sc; n = 2), palindromic RA (n = 1), spondylarthritis (n = 1), systemic vasculitis (n = 1), tendinitis (n = 1) and primary Sjögren's syndrome (PSS; n = 1). Diagnoses were based on clinical signs and symptoms, as well as laboratory and radiological findings. Patients with incomplete or uncertain diagnosis were not included. The 325 non-rheumatic controls in the first set were recruited from the hospitals where the RA cases were recruited and comprised voluntary individuals who accompanied the patients and hospital staff (n = 286), and patients without any autoimmune diseases (dengue fever patients, n = 10 and cardiovascular disease patients, n = 29). We used a common control group by pooling the rheumatic controls and non-rheumatic controls when comparing the diagnostic utility of RF and anti-CCP antibodies for RA. Only the healthy controls (n = 286) were used for the adjustment of the IgG and IgM RF cutoffs according to the 1987 ACR criteria [6] , which defines >95% specificity compared to healthy controls. The study was approved by the Medical Research and Ethics Committee, Ministry of Health, Malaysia. All the participants were informed about the research, and written consents were obtained.
Laboratory Methods
Anti-CCP antibodies were measured using the anti-CCP second generation enzyme-linked immunosorbent assay (ELISA) kits (Immunoscan RA Mark 2, Euro-Diagnostica, Malmö, Sweden). Samples with results <25 U/mL were defined as negative. IgG and IgM RF were determined by IBL-rf_AGM ELISA kits (IBL, Hamburg. Germany). The analysis of IgG RF poses inherent technical problems not applicable to other RF isotypes. If human IgG is used for coating, the detection anti-human IgG antibody will not only detect the bound IgG RF, but also the coating antigen. In the present study, the RF assay kits used the highly purified Fc fragment of human immunoglobulin (IgG) for coating according to the manufacturer. In the initial evaluation, samples with results ≤15 IU/ml were defined as negative according to the manufacturer's recommendations. If the preceding evaluations, Malaysian-adjusted cutoffs were then established as the 96th percentile of Malaysian healthy controls according to the 1987 ACR classification criteria which request >95% specificity as compared to healthy controls (the newly adjusted-cutoffs were 12 IU/ml for IgM RF and 20 IU/ml for IgG RF). All assays were performed according to the manufacturer's instructions.
Statistics
χ subjects in control groups])/(total number of subjects in the RA and control groups). When used according to the manufacturer's instructions, the anti-CCP2 kits employed do not deliver quantitative data below the company-defined cutoff, and the assumption of a linear relationship between 0 U/ml and 25 U/ml has been used to calculate the quantitative values for anti-CCP < 25 U/ml, both in cases and controls, in order to perform ROC analyses. Statistical analyses have been conducted using SPSS 20.0 statistical software. ROC curves were constructed using the MedCalc software.
Results

Prevalence of Autoantibodies in RA, Other Rheumatic Diseases and Non-Rheumatic Controls
The overall prevalence of IgG RF was 55.6% among RA cases, but also noticeable high among rheumatic (25.0%) and non-rheumatic controls (5.8%; Table 2 ). The prevalence of IgM RF was 36.8%, 10% and 2.8% in RA, other rheumatic diseases and non-rheumatic controls, respectively. After adjusting the cutoff to 20 IU/ml for IgG RF and 12 IU/ml for IgM RF, respectively (the 96th percentile of the 286 geographically matched healthy subjects according to the 1987 ACR criteria [6] ), the increase IgG RF positivity was still apparent (46.6%) in comparison with 40.4% IgM RF-positive RA cases ( Table 3) . Anti-CCP was detected in 98 of 171 (57.3%) patients with RA, comparable to IgG RF. Three of 60 (5.0%) patients in other rheumatic diseases and 7 of 325 (2.3%) non-rheumatic controls were anti-CCP positive.
IgM RF was found in 32.3% of RA patients with disease duration <2 years, and in 48.9% of patients with long-standing disease, a difference reaching borderline significance (p = 0.044). For the other investigated autoantibodies there were no significant differences between patients with short and long disease duration. There were also no differences in proportions of autoantibodies between patients with and without radiographic erosions (data not shown).
In agreement with a number of earlier studies, the specificity of anti-CCP (97.1%) was superior to that of IgG RF (91.2%) and IgM RF (96.1%), in the first set of RA cases compared to the combined control groups. To evaluate the overall diagnostic utility of serological markers for RA, the diagnostic accuracy was calculated. The diagnostic accuracy was highest for anti-CCP, intermediate for IgG RF and lowest for IgM RF ( Table 3) .
Replication Study
We performed the autoantibody measurements in the second set to replicate the findings of increased IgG After adjustment for the cutoff to 20 IU/mL, the 96th percentile for the 286 healthy controls, according to 1987 ACR criteria (6). *** After adjustment for the cutoff to 12 IU/mL, the 96th percentile for the 286 healthy controls, according to 1987 ACR criteria (6) .
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Increased IgG Rheumatoid Factor-Positivity in the Asian Rheumatoid Arthritis Patients Irrespective of Ethnicity 47 RF-positive found in the first set, using independent serum samples from 886 RA cases and 958 control subjects. Also in this study, which in contrast to the first set consisted mainly (>95%) of early RA cases (<2 years of symptom at diagnosis), more patients were positive for IgG RF (53.2%) than for IgM RF (51.6%; Table 4 ).
Superiority of IgG RF over IgM RF in All Three Ethnic RA Populations
When patients were stratified according to ethnicity, the proportions of autoantibody positive RA cases did not differ significantly for IgG or IgM RF between any of the three ethnic groups, and the higher sensitivity for IgG RF as compared to IgM RF was evident among Malay, Chinese and Indian RA cases. For the Chinese RA patients the same sensitivity (61.3%) was found both for IgG RF and anti-CCP ( Table 3) . There was however, no difference in autoantibody levels when the RA cases with a positive test result for IgG RF, IgM RF or anti-CCP were compared between the ethnic groups (data not shown).
For the comparison of the diagnostic utility of each marker in RA, we additionally undertook ROC analyses, and calculated the areas under the curves (AUC; Figure  1 and Table 3 ). The overall AUC of anti-CCP (0.867) was rather similar to IgG RF (0.826) but considerably higher than for IgM RF (0.737). When individual ROCcurves were constructed for the three ethnic groups of RA cases, the finding of a generally higher AUC value of IgG RF as compared to IgM RF could be demonstrated in all three ethnic groups. For the Chinese RA cases the AUC for IgG RF even surpassed the AUC value for anti-CCP. AUC values for the individual ROC curves are detailed in Table 3 .
Occurrence of Anti-CCP in RF-Negative RA
We also evaluated the utility of anti-CCP in RF-negative RA. Overall, anti-CCP was detected in 38.2% and 22.4% IgM RF and IgG RF-negative RA cases, respectively. Anti-CCP was found in more than 35% of the IgM RF-negative RA among all ethnic groups, and the corresponding figures were lower for IgG RF-negative RA cases in all the investigated ethnic groups, again stressing the difference between IgM and IgG RF in these Asian populations ( Table 5 ).
Discussion
The diagnostic and prognostic values of anti-CCP antibody determination, alone or associated with RFs have been evaluated carefully [17] [18] [19] [20] [21] [22] , but the distribution of seroprevalence across different populations has not been reported. The present study shows that the presence IgG RF-positive RA cases were consistently higher than the occurrence of IgM RF in all three investigated ethnic groups with RA in Malaysia. Also, in a replication study involving early RA cases, IgG RF was more common than IgM RF (53.2% versus 51.6%). We also compared with previous studies which have displayed data showing IgG RF levels higher or close to IgM RF levels in other Asian RA populations ( Table 4 ).
Significant differences exist among RF test kits and the reliability of some assays is questionable [23] . When RF isotype kits from the same manufacturer used in this study was assessed in a study of 295 German RA cases, the awaited IgM RF preponderance commonly seen in Caucasian studies was evident (IgM RF 66.4%, IgA RF 50.8% and IgG RF 43.7%) [9] , with data very similar to those obtained in other studies performed in European RA populations (Table 4) , thus ruling out any inconsistency in the behavior of the diagnostic laboratory reagents used in our investigation.
In all Asian studies where three RF isotypes have been investigated, the lowest sensitivities are described for IgA RF, with considerably higher or comparable sensitivities both for IgM RF and IgG RF. An example of a strong predominance of IgG RF (83%) over IgM (62%) and IgA RF (42%) in Iraqi RA patients was reported by Ahmed and coworkers [17] . In a study on Indian RA patients IgG RF was almost as common as IgM RF (42% vs 48%), whereas IgA RF has a lower sensitivity (37%) [24] . Very recently, a somewhat smaller Malaysian study showed a frequency for IgG RF-positive that almost equaled the frequency for IgM RF-positive (48.3% vs. 53.1%), whereas only 21.1% were IgA RF-positive [19] . In contrast, all studies on non-Asian RA populations show the maximal sensitivity for IgM RF, followed by IgA RF and with the lowest sensitivities for IgG RF [8, 9, 25, 26] . Intriguingly, while data on African American RA patients from the USA show figures similar to the European data (RF positivity: IgM RF > IgA RF > IgG RF) [25] , Singwe-Ngandeu et al. reported higher prevalence of IgA RF (84%) followed by IgM RF (77%) in 56 African RA patients living in Cameroon [27] . Thus, our current findings and the differences in RF isotypes distribution observed in African RA patients living both in the USA and Cameroon arguing for an environmental factor triggering RF isotype distribution.
The pathological significance of IgG RF is uncertain. In Swedish pre-RA patients, where especially IgA RF appears years before the onset of RA, IgG and IgM RF appear much later [22, 28] . This is in contrast to pre-SLE patients, where elevated pre-SLE IgG RF is more closely associated to the later appearance of arthritis, and also appears earlier than IgM RF [29] . In that study, IgA RF was not investigated.
The limitation of our present study is the lack of data on IgA RF. Our choice of which RF isotypes to investigate in both the first and second study set was influenced by earlier experience from routine investigations of Malaysian RA patients. Although we have found it useful to investigate IgM RF and IgG RF but not IgA RF, the preponderance of IgG RF in Asia, both as compared to other RF isotypes in the same RA populations, and as compared to IgG RF in non-Asian populations, has not been highlighted before. In future studies of RF isotype distributions in Malaysia we intend to also include IgA RF.
Conclusion
In conclusion, our findings imply a possible equally important role of IgG RF and IgM RF in all the three ethnic groups of Malaysian RA patients. This finding, together with earlier studies which also show high levels of IgG RF in different Asian and Iraqi RA populations but not in RA populations from Europe or in African Americans or in Cameroon Africans, imply the existence of environmental factor(s) which may promote the development of IgG RF in Asia, especially in RA populations.
